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Electric device with phase change material and parallel heat^ 



The invention relates to an electric device with a body having a resistor 
comprising a phase change material being changeable between a first phase and a second 
phase, the resistor having a first electrical resistance when the phase change material is in the 
first phase, and a second electrical resistance different fi'om the first electrical resistance 
5 when the phase change material is in the second phase, and a heating element being able to 
conduct a current for enabling a transition from the first phase to Ihe second phase. 



US-S,933,36S discloses an embodiment of an electric device having a resistor 

10 comprising a phase change material which is able to be in a first, e.g. crystalline, phase and a 
second, e.g. amorphous, phase. The resistor with the phase dbange material in the first phase 
and the resistor with the phase change material in the second phase have different values of 
the electrical resistance. One or both of the first phase and the second phase may be pardy 
amorphous and partly crystalline. In the remainder the terms ''crystalline" and ''amorphous" 

15 are used to refer to a aystalline phase or a mainly crystalline phase, and to an amoiphous 
phase or a mainly amorphous phase, respectively. 

The resistor is electrically connected to a first conductor and a second 
conductor such that the value of Ihe electrical resistance can be measured. The resistor, the 
first conductor and the second conductor are able to conduct a current vf^ch via heating 

20 enables transitions of the phase change material between the first phase and the second phase. 
It is believed tiiat for a transition firom a phase with a relatively good conductivity such as a 
crystalline phase or a mainly crystalline phase, to a phase with a relatively poor conductivity 
sodk as an amorphous phase or a mainly amorphous phase, the heating by a sufGcientiy 
strong current melts the phase change material. The heating ends when switching off the 

25 current. The phase change material tiien cools down and arranges in a more amorphous order. 

When inducing a transition firom a phase with a relatively low electrical 
conductivity to a phase with a relatively high electrical conductivity, the heating is initially 
counteracted by the poor conductivity, which limits the current conducted through the phase 
change material. It is believed that by applying a sufScientiy high voltage, i.e. a voltage 
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higher than the so caUed threshold voltage, across the resistor it is possible to locally induce 
an electrical breakdown in the phase change material, which leads to a high local current 
density. The corresponding heating is then sufScient to increase the temperature of the phase 
change material above its crystallization temperature thereby enabling the phase transition 
fiom the amorphous phase to the crystalline phase. 

In the known electric device the heating is at least partly achieved by one or 
more heating layers. The heating layers are thin-film structures deposited adjacent to the 
phase change material. They are part of the first conductor and the second conductor, 
respectively. The one or more heating layers are electricaUy comiected m series with the 
resistor and, when conducting an electrical current, they heat the resistor by Joule heating. 
They are designed to reduce the electrical energy required to induce a transition between the 
first phase and tbe second phase. 

The known electric device is an electrically writable and erasable memory cell, 
which carries information encrypted in the value of the electrical resistance. The memory ceU 
15 is assigned, e.g., a «0" when the resistance is relatively low and a "1" when the resistance is 
relatively high. The resistance may be easily measured by supplying a voltage across the 
resistor and measuring the corresponding current The memory elanent is written and erased 
by inducmg a transition fiom a first phase to a second phase as described above. 

It is a disadvantage of the known electric device that the electric device 
deteriorates when repeatedly switched between the first phase and the second phase, i.e. the 
lifetime, also called the life span or refenced to as the endurance, of the electric device is 
limited. 



20 



It is an object of flie mvention to provide an electric device as described m the 
opening paiagt^h which has a relatively good endurance. 

The invention is defined by the independent claims. The dependent claims 
define advantageous embodiments. 

According to the invention this object is realized in that the heating element is 
arranged in parallel to the resistor. The invention is based on the msight that tiie endurance of 
the known electric device is limited because the switching requires an electeical breakdown 
induced by a voltage larger than the threshold voltage. Repeatedly inducing an electrical 

breakdown results in a deterioration of the phase change material, in particular at the 

interfece betwerai the phase change material and the heating layer. 
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In the eleclric device accarding to the invention the Joule heating by the 
heating element is effective even when the phase change material is in the amoiphous phase 
because the heating element is arranged m paraflel to the resistor. When the phase change 
material is in the amorphous phase, a voltage applied to the resistor leads to a current flowing 
at least partly through the heating element, thereby leading to an effective heating of the 
phase change material without requiring an electrical breakdown. This heating is promoting 
the phase diange thereby improving the endurance of the electric device. 

In an embodiment the heating element has a heating element electrical 
resistance Rh which is smaller than the first electrical resistance and the second electrical 
resistance, i.e. which is in particular smaUer than the electrical resistance Rr^ of the resistor 
with the phase change material in the amoiphous phase. As a consequence the current mainly 
flows through the heating element when the phase change material is in the amoiphous 
phase. It is advantageous if the heating element electrical resistance Rh is a fector often or 
more smaUer tiian tiie electrical resistance R«^. When inducing tiie phase tiansition is 
controlled by the current tijrough the electric device the following holds: the smaUer the 
heating element electrical resistance Rh with respect to flie electrical resistance Rra 
higher is flie current flowing through the heating element and the higher the coirefiponding 
Joule heating. When inducing the phase transition is controlled the voltage over the 
resistor tiie paraUel heating element has the advantage that a lower voltage can be used. The 
smaller tiie heating element electiical resistance Rh with respect to the electrical resistance 
Rr^ the smaller is tiie voltage required over the heating element and the resistor. At a lower 
voltage die Joule heating required for mducing tbo phase change is then achieved by a higher 
current tiirough the heating element This has particular advantages when the eleclric device 
is integrated in an advanced IC process in vjWch the voltage is relatively low. At the same 
time the electiic current flirouih the phase change material is reduced tiieieby reducing 
electio-migration in the phase change material, thus leading to an hnpioved endurance. 

In the embodiment described in the previous paragraph a phase transition is 
mduced without an electrical break down in the phase change material. Repeatedly switehing 
a phase change material by an electrical breakdown deteriorates the electric device, in 
particular for phase change materials comprising relatively reactive atoms such as e.g. Te. 
Therefore, an electric device according to this embodiment of the invention, in which the 
electric brealtdown is avoided, has an improved endurance. 

Another disadvantage associated with switehing by electrical ineakdown is 
that the electrical breakdown is a statistical process. Thus the value of the breakdown voltage 
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is a statistical parameter as well, whidi may depend on temperature and fhe time elapsed 
since the last switching. £a otder to assure reliable switching, a voltage well above the 
average threshold voltage has to be applied in the known electric device. However, the 
voltages available with CMOS devices is scaling down when scaling down the dimensions of 
5 the CMOS device. Thus, future electric devices should be reliably operated at relatively low 
voltages. In Ifae electric device according to this embodiment of the invention Hie electric 
breakdown is not required and a voltage below the threshold voltage is sufficient to induce a 
phase transition. 

A preferred lower limit of the heating element electrical resistance Rh is that it 
10 is larger than 0.3 times the minimum of the fibrst electrical resistance and the second electrical 
resistance, i.e. larger than 0.3 times the electrical resistance Rr,c of the resistor with the phase 
change material in the crystalline phase. An electric device fuMlling this condition has the 
advantage that the change of the resistance is reliably measurable. 

In the electric device according to the invention the resistor and the heating 
15 element are coimected in parallel. The total electrical resistance Rt of these two elements is 
then given by R'i=Rr*Rh/(Rr+Rh). The electrical resistance Rr of the resistor depends on 
the phase of the phase change material whereas the heating element electrical resistance Rh is 
independent of the phase of the phase change material. In the limit that the heating element 
electrical resistance Rh is much smaller than the electrical resistance Rr^ the total electrical 
20 resistance Rt^ with die phase change material in the amorphous phase is approximately 
equal to Rh. 

Defining a scaling factor k by RH=k*RR,c Hie total electrical resistance Rt,c 
witih the phase change material in the crystalline phase is RT,cf=RR,c'^k/(k+l). The change of 
the total resistance is ART=RTA-RT,c«Rtt" Rt,c= (k- k/(lcfl))*RR,c=RR.c*k?/(k+l). Within 

25 tbis q>proximation the relative change of the total resistance is ARi^T^cHk. The smaller the 
relative change of the total resistance, the more difficult it is to reliably measure it. A smaller 
relative change of the total resistance typically requires a more sophisticated detection circuit 
and/or a longer measurement time. The inventors have established that a relative dhange of 
0.3, i.e. of 30 or more is relatively easy measurable in a relatively short time. 

30 Preferably, the scaling factor k should be between 1 and 4, i.e. l<k<4 because 

then the detection of the change of the total resistance ARt is relatively robust while at the 
same time the Joule heating by the heating element is relatively effective. 

* It is advantageous if the heating element and the resistor are in direct contact 
because the Joule heating by the heating element is then particularly effective. 
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In an embodiment tbe phase change material constitates a conductive path 
between a first contact area and a second contact area, a cross section of the conductive path 
being smaller than the jBrst contact area and the second contact area. Here, the term "contact 
area" defines the area in which the phase change material is electrically connected to an 
5 electrical conductor such as the first conductor or the second conductor, which is composed 
of a material other than the phase change material. In the known device the phase change 
material is located in an aperture. The contact area and the cross section of the conductive 
path ate both equal to the cross section of the aperture, i.e. the contact area is equal to the 
cross section of the conductive path. In the known device the phase change occurs in a 

10 volume of the phase change material, which comprises this contact area. At the interface, i.e. 
at this contact area, repetitive phase changes and the corresponding high current densities 
cause a deterioration of the material, which leads to a deterioration of the electric device, in 
particular when the phase change material comprises relatively reactive atoms such as Te. In 
the electric device according to this embodiment, the minimnm cross section of the 

15 conductive path is well inside the phase change matedsl and not, like in the known electric 
device, identical to the contact area. The current density is then highest inside the phase 
change material and therefore, the Joule heating is more effective inside the phase change 
materiaL This reduces the interactions between the phase change material and the other 
materials at the interface, Le. at the first contact area and/or the second contact area, leading 

20 to an improved endurance. 

Jn an embodiment a part of the conductive path having the oross section 
constitutes a volume of phase change material, the volume having an electrical resistance 
which is larger than an electrical contact resistance at the first contact area and/or at the 
second contact area, independent whether the phase change material is in the first phase or 

25 the second phase. In such an electric device the Joule hrating at the first contact area and/or 
at the second contact area are each smaller than the Joule heating inside the volume of the 
phase change material where the current density is high. This forther reduces the interactions 
between the phase change material and the other materials at the first contact area and/or the 
second contact area, leading to an improved endurance. An additional advantage is that the 

30 electrical power is dissipated, i.e. converted to heat, mainly at the location where the phase 
change occurs. By reducing the dissipation at positions where the phase change does not 
occur the total electrical power required for inducing a phase transition is reduced. 

Preferably, the electrical resistance of the volume is larger than the electrical 
contact resistance at both the first contact area and the second contact area, independent 
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whether the phase change material is m the first phase or the second phase. In this case, it is 
assiued that the phase change occurs in the volume, which is inside the phase change 
material 

Preferably, the contact resistance at the first contact area and at the second 
contact area are smaHer than 10"^ V cmVA because then the dissipation at the first contact 
area and at the second contact area is relatively small. 

In an embodiment the heating element material is of a composition 
Xio(Ktfs)Si8Yt where t and s denote atomic percentages satisfying t<0.7 and s-M>0.3, and X 
comprises one or more elements selected firom Ti and Ta, and Y comprises one or more 
elements selected fi^om C and N. Preferably, X is substantiaUy fi-ee fi^om Ti because Ta is less 
reactive with the phase change material than Ti. Preferably, s is smaller than or equal to 0.7 
because otherwise the conductivity of the parallel heater is relatively low which requires a 
relatively large paraUel heater. When the phase change material comprises C3e, mixing of Ge 
and Si is reduced when s is smaller than or equal to 0.7. It is fiirfher advantageous if Y 
comprises N because the heating element material usually has a polycrystallme structure 
which is stabilized by the nitrogen atoms, i.e. the polyciystalline structure is changed to a 
relatively small extent when heating the phase change material 

hi an embodiment the resistor constitutes a memory element, and the body 
comprises an array of memoiy cells, each memory ceU oonqmsing a respective memory 
element and a respective selection device, and grid of selection lines, each memory ceU bemg 
hidividually accessible via the respective selection lines connected to the respective selection 
device. The selection device m^ comprise a bipolar transistor or a diode such as, .g. a pn 
diode. Such an electric device is a random access memory (RAM) device which is suited as a 
non-volatile memory (fevice. 

In a preferred variation of this anbodiment the selection device conqmses a 
metal oxide semiconductor field eJ9fect transistor (MOSFET) having a source region, a dram 
region and a gate region, and the grid of selection Imes comprises N first selection lines, M 
second selection lines, N and M being mtegers, and an ou^ut line, the resistor of each 
memory element electrically comiecting a first region selected fiom the source region and Oe 
drain region of the corresponding metal oxide semiconductor field effect transistor to the 
ou^t line, a second region of the conesponding metal oxide semiconductor field effect 
transistor selected firom the source region and the drain region and being fiee from the first 

regioui being electricaUy connected to one of the N first^election Imes, the gate re^^^ 
electrically connected to one of the M second selection lines, hi such a memory device the 
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memory elements are selected by a MOSFET which allo^ for relatively high operating 
speed and relatively low operating voltage. 



5 These and other aspects of the electric device according to the invention will 

he further elucidated and described with reference to the drawings, in which: 

Fig. 1 is a cross section of an embodiment of the electric device. 
Fig. 2 is a top view of another embodiment of the electric device at a first 
stage of the manufacturing, 
10 Fig. 3 is a cross section of the pr&-&bricated electric device of Fig. 2 along 

line m-m. 

Fig. 4 is a top view of the other embodiment of the electric device at a second 
stage of the manu&cturing. 

Fig. 5 is a cross section of the pre-M^ricated electric device of Fig. 4 along 

15 lineV-V, 

Fig. 6 is a top view of the other embodiment of the electric device at a third 
stage of the manu&cturing. 

Fig. 7 is a cross section of the pre-&bricated electric device at a fourth stage 
along line VU-VII of Fig. 6, 
20 Figs. 8 and 9 are a top views of die otiier embodiment of tiie electric device at 

a fifth stage and a sixth stSLg/s of the manufacturing, respectively^ and 

Fig. 1 0 is a plot of the crystallization speed as function of the Sb/Te ratio. 

The Figures are not drawn to scale. 

25 

The electric device 1, shown in Fig. 1, has a body 2 which comprises a 
scbstrate 10 which may comprise, e.g., a single crystal p-doped silicon semiconductor wafer. 
Od a main sur&ce of the substrate 10 a resistor 7 is embedded in a dielectric 13, e.g., silicon 
oxide. The resistor 7 is composed of a phase change material being changeable between a 
30 first phase and a second phase. The resistor 7 has a first electrical resistance when the phase 
change material is in the first phase, and a second electrical resistance different from the first 
electrical resistance when the phase change material is in the second phase. 

In one embodiment the phase change material is a composition of formula 
Sbi-cMo with c satis^ing 0.05< c< 0.61, and M being one or more elements selected fiom the 
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group of Ge, Id, Ag, Ga, Te, Zn and Sn. An electric device with a phase change material of 
this conqiosition is desoihed in Hxb non-pre-published European Patent Application with 
number 03100583.8 (PHNL030259) the priority of which is claimed by this appUcation and 
MMch is incorporated horein by reference in its entirety. Preferably, c satisfies 0.05 < c < 0.5. 
Even more preferably, c satisfies 0.10 < c < 0.5. A group of advantageous phase change 
materials has one or more elements M other tiian Ge and Ga at concentrations which are in 
total smaller than 25 atomic percent and/or comprise in total less than 30 atomic percent of 
Ge and/or Ga. Phase change materials comprising more than 20 atomic percent of Ge and Ga 
and one or more elements selected from In and Sn at concentrations which are in total 
between 5 and 20 atomic percent have a relatively high crystallization speed and at the same 
time a relatively high stability of the amorphous phase. 

In an embodiment the phase change material is a composition of foimida 
SbaTebXioo-(a+b) with a, b and 100-(a+b) denoting atomic percoitages satisfying 1< a/b < 8 
and 4< 100-(a+b)< 22 , and X being one or more elements selected ficom Ge, In, A& Ga and 
Zn. The phase change material may be, e.g., SbyaTeaoGes. 

In yet another embodiment the phase change material is a composition of 
formula (TeaGebSbioo-(»H>))cTMioo.c where the subscripts are in atomic percentages, a is below 
70 percent, b is above 5 percent and below 50 percent; c is between 90 and 99.99 percent and 
TM denotes one or more transition metal etements. Alternatively, the transition metal is 
omitted and the phase change material is a composition of formula TeaGcbSbiooKa+b) where 
the subscripts are in atomic percentages, a is below 70 percent and b is above 5 percent and 
below 50 percent such as, e.g., Ge2Sb2Te5. Other examples of the phase change material are 
Te8iGei5S2As2 andTe8iGei5S2Sb2. 

The idiase change material may be deposited by sputtering as descried m the 
article "Phase-change media for high-numericalr^erture and blue-wavelength recording* by 
HJ. Borg et aL, Japanese Journal of Applied Physics, volume 40, pages 1592-1597, 2001. 

The bo^ 2 fiirffaer has a heating element 6 bemg able to conduct a current for 
enabling a transition finom the first phase to the second phase. The heating elemffloit 6 is 
arranged in parallel to the resistor 7. In the embodiment of Fig. 1 the resistor 7 and the 
heating elonent 6 join a first contact area 5 and a second contact area 9. 

The heatiiig element 6 is conq)osed of a heating element material with a 
melting point higjier than that of the phase change material. The melting point of the heating 
element material is preferably at least 100 degrees Celsius, more preferably at least 250 
degrees Celsius higher than that of the idiase change material. Preferably, the heating element 
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material does not react with the phase change material. Preferably, the resistivity of the 
heating element material is in the range of 0. 1 to 10 cm mV/A. When the phase change 
material is selected from the class of TeaGebSbioo-(afb) where the subscripts are in atomic 
percentages, a is below 70 percent and b is above 5 percent and below 50 percent, the phase 
5 change material has a resistivity of 1 to 4 cm mV/A, e.g. 2 cm mV/A, and the resistivity of 
the heating element material is preferably between 0.5 and 20 cm mV/A. When the phase 
change material is selected from the class of Sbi-cMc with c satisfying 0.05< c< 0.61, and M 
being one or more elements selected from the group of Ge, In, Ag, Ga, Te, Zn and Sn, the 
phase change material has a resistivity of approximately 0.2 to 0.8 cm mV/A and the 

10 resistivity of the heating element material is preferably between 0. 1 and 4 cm mVZA. 

In this embodiment the heating element material is of a composition 
Xioo-(fr^s)SisYt where t and s denote atomic percentages satisfying tO.7 and s4-t>0.3, and X 
comprises one or more elements selected from Ti and Ta^ and Y comprises one or more 
elements selected from C and N. Preferably, X is substantially free fix)m Ti because Ta is less 

IS reactive with tbe phase change material than Ti. Preferably, s is smaller than or equal to 0.7 
because otherwise the conductivity of the parallel heater is relatively low which requires a 
relatively large parallel heater. When the phase change material conqpiises Ge, mixing of Ge 
and Si are reduced when s is smaller than or equal to 0.7. It is fiirtiier advantageous if Y 
comprises N because the heating element material usually has a polycrystalline stmcture 

20 which is stabilized by the nitrogen atoms, i.e. the polyciystalline structure is changed to a 
relatively small extent when heating the phase diange material. Examples of this class of 
heating element material are TaSiN, Ta2oSi4oN4o, TiSiN or Ta2oSi4oC40. Alternatively, the 
heating element material may be composed of TiN, TaSii, TaNx v^ere x satisfies 0.3<X<0.7, 
TiAIN, Tie, TiWC or, e.g. p, doped polyciystalline silicon. 

25 The body 2 further comprises a first conductor 3 of, e.g., tantalumdisilicide 

(TaSia) which is electrically connected to the first contact area 5, and a second conductor 4 of 
titanium nitride (TiN), which is electrically connected to the second contact area 9. In 
volumes relatively remote from the first contact area 5 and the second contact area 9 the first 
conductor 3 and the second conductor 4 may comprise a material of relatively good electrical 

30 conductivity such as, e.g., tungsten, aluminum or coppor to increase the electrical 

conductivity of the first conductor 3 and the second conductor 4. The first conductor 3 and 
the second conductor 4 have contact pads 1 1 and 12, respectively, which allow for 
conducting a current through the first conductor 3, the second conductor 4, the resistor 7 and 
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the heating element 6 for heating of the phase change material to enable a transition from the 
first phase to the second phase. 

In the embodiment shown in cross section in Fig. 1 the resistor 7 is ananged at 
the imier surface of a contact hole in dielectric 13. The contact hole may have a cylindrical 
sh^e with a diameter d between 25 and 250 mn and a height h between 25 and 300 nm. The 
phase change material may be deposited by sputtering as descried in the article 'Thase- 
change media for high-numerical-aperture and blue-wavelengtii recording" by H. J. Borg et 
al., Japanese Journal of AppUed Physics, volume 40, pages 1592-1597, 2001. Prefembly, the 
phase change material has a layer thickness LT of 3 to 25 nm. The heating element 6 is ' 
arranged at the inner surface of the contact hole after the contact hole has been provided with 
the phase change material. Preferably, the heatiiig element material of heating element 6 has 
a layer tirickness MT of 3 to 1 5 mn. hx the embodiment shown in Fig. 1 fte heating element 6 
and the resistor 7 are in direct contact 

In one embodiment the contact hole has a diameter d of 40 nm and a height h 
of 50 nm, the layer of phdse change material is of composition Ge^SbjTe, and has a l^er 
thickness LT of 5 mn. the heating element 6 is of composition Ta^i^^ and has a layer 
thickness MT of 5 mn. It is ananged inside the contact hole as depicted m Fig. 1 . The heating 
element 6 has a heating element electrical resistance of approxhnately 1400 Ohm. In the 

crystalline phase and m the amorphous phase tins resistor 6 has a first electrical resist 
approximately 1600 Ohm and a second electrical resistance which is larger than 100 kOhm, 
respectively. Thus, the heating element electrical resistance is smaUer than the maximum of 
the first elertrical resistance and the second electrical resistance and larger than 0.3 times flie 
mimmum of the first electrical resistance and the second electrical resistance. 

In another embodiment the geometrical dimensions of the contact hole, the 
phase change material and the heating element are the same but the heating element 6 is of 
composition Ta^oSijoNio. The heating element electrical resistance is then approximately 160 
Ohm and flnis smaUer than 0.3 times the mmimum of the first electrical resistance and the 
second electrical resistance. 

In an alternative embodiment tiie resistor 7 and the heating element 6 are 
interchanged, i.e. the heating element 6 is provided to the imier smface of flie contact hole 
and subsequently, the resistor 7 is provided on top of the heating element 6. hx another 
embodiment, not shown, the heating element 6 is separated from the resistor 7 by an 
mtermediatelayer which may conqjrise. e.g.. siUcon dioxide. The intermediate layermay be 
an insulator or an electric conductor. It is advantageous if the intermediate layer separating 
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the phase change layer from the parallel heater layer is an insulator hecause in this way it is 
prevented that the distribution of the current between the phase change layer and the parallel 
heater changes along the path of the cunrent. As a result a unifonn change of the phase 
change along the path of the current may be obtained. The intermediate layer may reduce 
and, preferably, prevent mixing of the phase change material with the electric heater materiaL 
Preferably, the thickness of the mtermediate layer is small enough to have no significant 
influence on the heating efficiency of the parallel heater. Preferably, the thickness of the 
intermediate layer, i.e. the distance between the heating element and the resistor is less tiian 5 
nm. Preferably, the thickness is between 1 and 3 nin. The intermediate layer may be 
composed of zinc sulfide quartz (ZnS-SiOa) and/or silicon nitride. 

In another embodiment of the electric device 100, shown in Figs. 2-9 at 
various stages of the mami&cturing process, the resistor constitotes a memory element 170, 
and the body 102 comprises a semiconductor substrate 101 which may conqmse, e.g., a 
single ciystal p-doped silicon semiconductor wafer, and an art^ of menuny cells, eadi 
memory cell comprising a respective memory elem^ 170 and a respective selection device 
171. Li the ranbodiment shown in Figs. 2-9 the electric device 100 has a 3x3 anray but the 

invention is not liniited to an an»y of this size nor to an array of this sh^. The body 102 
fiirther comprises a grid of selection lines 120, 121 such that each memory ceU is individuaUy 
accessible via the respective selection lines 120, 121 connected to the respective selection 
device 171. 

In the embodiment shown in Figs. 2-9 the selection device 171 conqjrises a 
metal oxide semiconductor field efiEfect transistor (MOSFET), and more specifically an 
NMOS transistor. The MOSFET has nrdoped source regions 172, n-doped drain regions 173, 
and gate regions 174. The source regions 172 and the drain regions 173 may comprise more 
than one portion of n-doped matodal, namely a Ughtiy doped n-portion and a more heavily 
doped n+ portion. The n-doped source region 172 and the drain region 173 are separated by a 
channel regioa The gate regions 174, fonned above the channel region, controls the flow of 
current from the source region 172 to the drain region 173 flirough the channel region. The 
gate region 174, preferably comprises a layer of polycrystalline silicon. The gate region 174 
is separated firam the channel region by a gate dielectric layer. 

The grid of selection lines 120, 121 comprises N=3 first selection lines 120 
and M=3 second selection lines 12 1, and an output line. The resistor 107 of each memory 
element electrically connects a first region selected from the source region 172 and the drain 
region 173 of the corresponding MOSFET to the ou^ut line. A second region of tiie 
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CQirespoiidmg MOSFET selected from the source region 172 and the drain region 173 and 
being free from the first region, is electaically connected to one of the N first selection lines 
120. The gate region 174 is electricaUy connected to one of flie M second selection lines 121. 
In the embodiment shovra in Figs. 2-9 the first region is the source region 172 and the second 
region is the drain region 173. Li another embodiment not shown the first region is the drain 
region 173 and Ihe second region is the source region 172. The selection lines 120, 121 are 
connected to line selection devices and row selection devices, respectively. These latter 
selection devices are not shown. 

The gate region 174 and the drain region 173 are provided with Istyeca of 
tungsten silicide and tungsten plugs 122 for electrically connecting the gate region 174 and 
the drain region 173 to the selection lines 121 and 120, respectively. The selection lines 120 
and 121 are formed from a conductive material such as, e.g., aluminum or copper. The source 
region 172 is provided with a layer of tungsten silicide and a tungsten plug as well. 

In a process of manu&cturing the electric device 100, fir^ the array of 
selection devices 171 and the grid of selection lines 120, 121 are fimned, e.g. using standard 
IC technology. One terminal of each selection device 171, in Hib embodiment of Figs. 2-^ the 
source region 172, is provided wifli an electrical conductor 124 such as, e.g., a tungsten plug. 
The selection device 171, the selection Imes 120, 121 and the electrical conductor 124 are 
mutually insulated from each other by and embedded in a dielectric material 123, e.g., silicon 
dioxide such that the electrical conductor 124 is eiqrased as shown in Figs. 2 and 3. 
Bceferably, the sur&ce con^rising the exposed electrical conductor 124 is polished by 
chemical mechanical polishing (CMP) fiir obtaining a smooth and plain sur&ce. 

In a subsequoit step this sui&ce is provided with a layer 109 of a dielectric 
material such as, e.g., silicon nitride or silicon carbide. In the layer 109 openings 108 are 
frnmed by means o^ e.g., lithography such that the electrical conductors 124 and parts of the 
dielectric 123 adjacent to the electrical conductors 124 are exposed as shown in Fig. 5. 
Subsequently, the hxyer 109 and the openings 108 of pre-fibricated electric device 100 tiius 
obtained are provided vrifli a layer 1 07 of phase change material as shown in Fig. 5. The 
phase change material may comprise any of the phase dhange materials of which resistor 7 of 
the electric device 1 described above is conqjosed. The thidmess LT of layer 107 which is 
typically 5-50 nm, preferably approximately 15 nm, determines the width of the minimal 
cross section of the phase change material as will be described below. Onto the layer 107 a 
layer 110 of a eonductive material such as, e.g., TiN may be deposited. Layer 1 10 is used to 
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reduce the electrical resistance between the electrical conductor 124 and the part of layer 107 
undergoing the phase change. In another embodiment, not shown, layer 1 10 is omitted. 

Onto layer 107 or, if present onto layer 110, masks 111 and 1 12 are formed 
e.g., lithography or electron beam writing. Masks 111 each cover parts of layer 107 and 
5 layer 1 10, if present, which cover the respective electric conductors 124. Masks 112 cover 
otherparts of layer 107 and layer 110, if present, onto which further electrical conductors 125 
will be formed later on. For every memory element, masks 111 and 1 12 are separated by a 
distance L which is typically below 300 imi and preferably between 20 and 200 nyn When 
lithography is used to form the mask 111 and the mask 1 12, the minimum distance L is 

10 preferably ^>proximately equal to Ifae minimnm dimension achievable by the lithography. 
The shorter the distance L tiie smaller the electrical power required to induce a phase 
transition between the first and the second phase. The distance L determines the lenglli of the 
phase change material which will have a cross section smaller than the phase change material 
at tiie electrical conductors 124 as will be described below. The phase change material having 

15 the reduced cross section is referred to as the volume of the phase change materiaL 

tfpresent Ifae parts oflayer 110 not covered by masks 111 and 112 are 
removed by isotropic selective etching using e.g. an etch comprising HF. The result obtained 
at this stage of the process of manufecturing the electric device 100 is shown in Fig. 5. Note 
that due to tihe isotropic etdiing an under etch occurs, see Figs. 5 and 6. Then the parts of 

20 layer 107 not covered by masks 111 and 1 12 are anisotrqpically etched, using, 6.g., a reactive 
ion etch conxprising CL As a result sidewall spacers composed of the phase change tnaterfal 
are formed inside the opemngs 108 at die position not covered by masks 111 and 112. This 
implies reducing a cross section of a conductive path in the layer 107 between tfae first 
ccmtact area covered by mask 111, and a second contact area covered by mask 1 12. The cross 

25 section is smaller than the furst contact area and the second contact area. For each memory 
element 170 the side wall spacers formed by layer 107 are electrically cormected to those 
parts oflayer 107 and layer 110,ifpresent, which were covered by masks 111 and 112 
during tfae etching step. As shown in the cross section of Fig. 6 the sidewall spacers formed 
oflayer 107 have a width W that is substantially equal to the thickness LT oflayer 107. In 

30 other words, the main surface has a step profile formed by layer 1 09 and the step of reducing 
tfae cross section comprises an anisotropic etching step for forming a sidewall spacer along at 
least a part of the step profile. 

After removing the masks 111 and 1 12 the pre-fabricated electric device 100 
shown in top view in Fig. 6 is obtained. Every memory cell of this electric device 100 has a 
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layer 107 of phase change material which comprises a part defined by mask 1 1 1 and a part 
defined by mask 1 12. These two parts are connected by two sidewaU spacers formed of layer 
107. 

In a subsequent step the prefebricated electric device 100 shown in Fig. 6 is 
covered by a layer of a heating element material which is the same as described above with 
reference to Fig. 1. 

After providing the layer 106 of the heating element material masks 1 1 1 ' and 
1 12' are formed which masks are similar to the masks 1 1 1 and 1 12. Subsequently, the layer 
106 is anisotropically etched using, e.g., a plasma etch con^msing CF4 : CHF3. As shown in 
the cross section of Fig. 7 sidewall spacers are formed of layer 106 in a way analogous to Ihe 
formation of the sidewaU spacers of layer 107. The sidewaU spacers formed of layer 106 have 
a width V which is substantially equal to the thickness of layer 106. 

In an alternative embodiment layo- 107 and layet: 106 are interchanged, i.e. 
layer 106 is provided before providing layer 107 on top of layer 106. In another embodiment 
layer 106 is separated from layer 107 by an intermediate layer which may comprise, e.g., 
siUcon dioxide. Also in fliis embodiment the heating element 106 is parallel to the resistor 
107. In contrast to the embodiment described before, in this embodiment the resistor 107 is 
not in direct contact with the heating elranent 106. 

In an alternative embodiment both layer 107 and layer 106 are provided prior 
to forming the masks 1 1 1 and 1 12. Both layer 107 and layer 1 06 are lien anisotropically 
etehed without the need of an additional step of formmg the masks 111' and 112'. 

In one embodiment the mettiod of manufecturing the electric device 100 
comprises a step in which a mask 128 is provided having openings 1 29 such that for each of 
the memory cells one of the two side wall spacers formed of layer 107 is exposed as shown in 
Fig. 8. In a subsequent step this mask is then used to remove, e.g. by etching, the exposed 
portions of layer 106 and layer 107. As a result in every memory ceU these two parts are now 
connectedby only one sidewall spacer formed of layer 107. Subsequently, mask 128 is 
removed. In another embodiment the mask 128 is omitted and the l^er 106 and the layer 107 
each have two sidewall pacers. 

The layer 107 thus obtained, ie. having one or two sidewaUs, forms the 
resistor 170 of the electric device 100. The pre-fabricated electric device 100 is provided with 
a dielectric layer 126 o^ e.g., silicon dioxide, hi one embodiment the prefabricated electric 
device shown in Fig. 7 is then subjected to a material removal treatment, siich as,' e.g:, 
chemical mechanical polishing, to reduce tiie height of the sidewall spacers of layers 1 06 and 
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107 and to obtain a smooth surface which is advantageous for flirfher processing. It is then 
advantageous if layer 109 is conoposed of two layers of different materials, e.g. a lower layer 
of a relatively hard material such as, e.g., silicon nitride on top of which is a layer of a 
relatively soft material such as, e.g., silicon oxide. During the material removal treatment the 
5 relatively hard layer is used as a stopping layer thereby yielding a layer 107 of phase change 
material of a well-defined height H of preferably 10 to 100 mn. After this material removal 
treatment surface 199, shown in Fig. 7, is obtained. 

Subsequently, an additional dielectric layer 126' is provided in which 
dielectric layer 126' openings 132, shown in Fig. 9, are created to expose for each memory 

10 cell a part of the layer 106, the conductive layer 1 10, if present, or layer 107 which was 
covered by mask 1 12 at an earlier stage. These openings 132 are provided with fiuther 
electric conductors for electrically contacting the resistor 170. In a later step the further 
electric conductor is electrically connected to the output line. 

The electric device 100 thus obtained has a body 102 which has a resistor 170. 

15 The resistor 170 is coinposed of a layer 107 of a phase change material being changeable 
between a first phase and a second phase. The resistor 170 has a first electrical resistance 
when the phase dbange material is in the first phase, and a second electrical resistance 
different from the first electrical resistance vAiea the phase change material is in the second 
phase. The body 102 further has a heating element formed by layer 106. The heating element 

20 is able to conduct a current for enabling a transition firom the first phase to the second phase. 
The heating element is arranged in parallel to the resistor. 

Jn this embodiment of the electric device 100 the layer 107 of the phase 
chan^ material constitutes a conductive path between a first contact area and a second 
contact area. When layer 1 1 0 is omitted, the first contact area is the area in which the 

25 electrical conductor 124 contacts the layer 107 of the phase change material, see e.g. Figs. 2 
and 5, and the second contact area is the area in which the further electrical conductor 
provided to opening 132 contacts the layer 107 of the phase change material, see Fig. 9. A 
aoss section of the conductive path constituted by the layer of the phase change material is 
smaller than the first contact area and the second contact area. When layer 1 10 is present, the 

30 first contact area and the second contact area are effectively the areas in which the current 
moves firom layer 1 10 into layer 107. Due to the isotropic etehing of layer 1 1 0 and the 
anisotropic etehing of layer 107, the layers 110 do not contact the sidewaU spacers of layer 
107 directly, but at a distance, see Figs. 5 and 6. In this case, the first contact area and the 
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second contact area are still not at flie border of the volume defined by the sidewall spacer 
and are laiger than a cross section of the sidewall spacer. 

The current density inside the sidewall spacer is higher than at the jSrst contact 
area and at the second contact area and therefore, the phase change material at the sidewall 
spacer rather than at the first contact area and/or at the second contact area will undergo a 
phase transition. 

In an embodiment layer 1 10 is omitted and the volume of the phase change 
material with the reduced cross section has a length L of 50 mn, a height H of 20 nm and a 
width W of 15 nm. The cross section is thus H times W which equals 300 nm^. The first 
contact area defined by electrical conductor 124 is equal to the second contact area defined 
by opening 132 is equal to 100 nm times 100 nm. Thus the first contact area and the second 
contact area each have a size of 10000 nm^ which is larger than the cross section of 300 nm^ 
The phase change material is Sb72Te2oGe8. The volume of the resistor with the reduced cross 
section has a resistance of 800 Ohm when the phase change material is in liie crystalline 
phase and of more than 1 00 kOhm when the phase change material is in the amorphous 
phase. The electrical conductor 124 and the further electrical conductor are composed of 
tungsten. The contact resistance in the first contact area and the second contact area are each 
100 Ohm. Thus, the contact resistance at the fiarst contact area and the second contact area are 
each smaller than the resistance of the volume of the phase change material having the 
reduced cross section. 

The electric device 100 is particularly advantageous when the phase change 
material is a &st growth material with a crystallization speed of 1 m/s or more. This type of 
phase change materials which comprise coii5)ositions of formula Sbj-cMc with c satisfying 
0.05< c< 0.61, and M being one or more elements selected from the group of Ge, M, Ag, Ga, 
Te, Zn and Sn, have a crystallization speed Vcr which is approximately a linear fuoction of the 
ratio Sh/M, see e.g. Fig. 10 for the case M comprising Te. For a given desired switching time 
t which may be imposed by the bandwidth of the selection device 171, tiie length L and the 
composition of the phase change material are adjusted such that L/(2t)«Vcr holds. Here, the 
factor 2 accounts for the feet that the crystallization starts from the two outer ends of the 
volume of the phase change material having the reduced cross section. 

In summary, the electric device 1, 100 has a body 2, 102 having a resistor 7, 
107 comprising a phase change material being changeable between a first phase and a second 
phase. The resistor 7, 107 has a first electrical resistance when the phase change material is in 
the first phase, and a second electrical resistance different from the first electrical resistance 
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when the phase change material is in the second phase. The hody 2, 102 further has a heating 
element 6, 106 heing able to conduct a current for enabling a transition from the first phase to 
the second phase. The heating element 6, 106 is arranged in parallel to the resistor 7, 107, 

It should be noted that the above-mentioned embodiments illustrate rather than 
5 limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing fixjm the scope of the appended claims. Li the claims, any 
reference signs placed between parentheses shall not be constraed as limiting the claim. The 
word "comprising" does not exclude the presence of other elements or steps than those listed 
in a claim. The word "a" or *W preceding an element does not exclude the presence of a 
10 plurality of such elements. 
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CLAIMS: 



1 . An electric device (1, 100) with a body (2, 102) having: 

a resistor (7, 107) comprising a phase change material being changeable 
between a first phase and a second phase, the r^istor (7, 107) having a first electrical 
resistance when the phase change material is in the first phase, and a second electrical 
5 resistance different firom the first electrical resistance when Ifae phase change material is in 
the second phase, and 

a heating element (6, 1 06) being able to conduct a current for enabling a 
transition firom tbe fibrst phase to the second phase, the heating element (6, 106) being 
arranged in parallel to the resistor (7, 107). 

10 

2. An electric device (1) as claimed in Claim 1, wherein the heating element (6) 
has a heating element electrical resistance which is smaller than the TnaYimn m of the first 
electrical resistance and the second electrical resistance. 

15 3. An electric device (1) as claimed in Claim 2, wherein the heating element 

electrical resistance is larger than 0.3 times the minimum of the first electrical resistance and 
the second electrical resistance. 

4. An electric device (1, 100) as claimed in Claim 1, wherein the heating element 
20 (6, 106) and the resistor (7, 107) are in direct contact 

5. An electric device (100) as claimed in Claun 1, 2, 3 or 4, wherein the phase 
change material constitutes a conductive path between a first contact area and a second 
contact area, a cross section of the conductive path being smaller than the first contact area 

25 and the second contact area. 

5- An electric device (100) as claimed in Claim 5, wherein a part of the 

conductive path having the cross section constitutes a volume of phase change material, the 
volume having an electrical resistance which is smaller than an electrical contact resistance at 
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the first contact area and/or at the second contact area, independent whether the phase change 
material is in the first phase or the second phase. 

"7- An electric device (1 , 100) as claimed in Claim 1 , wherein the heating element 

material is of a composition Xioo.(tfs)SisYt where t and s denote atomic percentages satisfying 
t<0.7 and s+t>0.3, X comprises one or more elements selected fix)m Ti and Ta, axul Y 
comprises one or more elements selected fix)m C and N. 

8. An electric device (1, 100) as claimed in Claim 7, wherein X is substantially 
firee firom Ti. 

9. An electric device (1, 100) as claimed in Claim 7, wherein s is smaller than or 
equal to 0.7. 

10. An electric device (1, 100) as claimed in Claim 7, wherein Y con5)rises N. 

11- An electric device (100) as claimed in Claim 1, wherein the resistor constitutes 

a memory element and the body (102) comprises: 

an array of memory cells, each memory cell comprising a respective memory 
element and a respective selection device (171), and 

a grid of selection lines (120, 121), 
each memory cell being individually accessible via liie respective selection lines (120, 121) 
connected to the respective selection device (170). 

12. An electric device (1 00) as claimed in Claim 11, wherein: 

the selection device (171) conqirises a metal oxide semiconductor field effect 

transistor having a source region (172), a drain region (173) and a gate region (174), and 

the grid of selection lines (120, 121) comprises N first selection lines (120), M 

second selection lines (121), and an ou^ut line, 

the resistor (170) of each memory element electrically connecting a first region selected firom 
the source region (172) and the drain region (173) of the corresponding metal oxide 
semiconductor field effect transistor to the output line, a second region of the corresponding 
metal oxide semiconductor field efiect transistor selected fi'om the source region (172) and - 
the drain region (173) and being fi-ee fi-om the first region, being electrically coimected to one 
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of the N first selection lines (120), the gate region (174) heing electricaUy connected to one 
of the M second selection lines (121). 
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ABSTRACT: 



TTie electric device (1, 100) has abody (2, 102) having a resistor (7, 107) 
comprising a phase change material being changeable betv^reen a first phase and a second 
phase. The resistor (7» 107) has a first electrical resistance when the phase change material is 
in the first phase, and a second electrical resistance different firom the first electrical 
5 resistance when the phase change material is in the second phase. The bo^ (2, 102) further 
has a heating element (6, 106) being able to conduct a current for enabling a transition firom 
the fibrst phase to the second phase. The heating element (6, 106) is arranged in parallel to the 
resistor (7, 107). 
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